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® ZeolHes. 

@) A synthetic zeolite materfal, designated zeolite Nu-13, is a 
member of the ZSM-12 family of zeolites and is prepared from 
an aqueous reaction mixture containing the oxide XOg, the ox- 
ide Y2O3 and a piperazine compound where X is silicon or ger- 
manium and Y is ahjminium, gafllum, boron, iron, chromium, va* 
nadium, molybdenum, arsenic, antimony or manganese. 
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This inventloa relatAo , 

methoa for Its preparation, the Be» zeoUte beLa , 

°' faally Of ,«ute, ' ' . 

ZaoUte 2SM-12 and nethoita fer - 
have bean described In VnltJ^J^\ T 

«na 4 X04 294 and In p„^^" ' 
, , , PODlisasd Enxopean Fatant 

applications 1089 and 13630. In all », It 
described, an essential f^LrT^J ""^^ 
ZSM-12 is the ns. oTlt ^ synthesis of 

compound. " t-tra-alfcyia».onl» 

" surprisingly been found that zaollt. 

Nn-13, a new member of the zsM-12 family of zeolT^^ 

Pipera^lne or TlTZT^ZZT- "-"^^ 

^«uta*^::^r"' T ""^""^ ^^-^^^ ^ ^^-^^ 

lie material, designated zeolite Nu-13, having , 
«0X« ^sltlon expressed by tbe fox»J ' • 

l^lTu s°:l: ^illr^ = - : 0 to 3S H,0 . 

aoaium, aimnoniuin or hvdroaen v 4^ 
-re Of al»lnl», gain™, boron,'i:r;^r " 
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vanadluHif molybdenum, airsenlc, antimony and manganese, 
X Is silicon and/or germanium and E2O is water of 
hydration additional to water notionally present when H 
is hydrogen, and having an X-ray diffraction patteam (as 
5 determined by standard technique using copper Ka 
radiation) substantially as set out in Table 1. 

For comparison. Table 1 also shows, the X-ray 
data for zeolite ZSH-12 as given in Table 1 of US Patent 
No 3 832 449. 

10 Zeolite Nu-13 appears to be most readily formed 

in a state of high puril^ when the number of moles of 
Y2O3 in the above formula is in the range 0.5 to 1«7. 

The above definition includes both freshly 
prepared zeolite Nu^lS ("freshly prepared" means the 

15 product of synthesis and washing, with optional drying, as 
hereinafter described), and also forms of it resulting 
from dehydration and/or . calcination and/or ion exchange. 

Freshly prepsured zeolite Nu*13 may contain a 
piperazine compound used in its synthesis. Since the 

20 product is a zeolite, the piperazine confound must be 
physically trapped within, the crystal lattice. It can 
be removed by thermal or oxidative degradation or by 
displacement by suitable small molecules. This physically 
trapped material does not. constitute part of the composition 

25 for the purposes of the definition.. Thus, zeolite Nu-13 
as freshly made typically has the following molar 
composition: 

0 to 4 M2O t 0.1 to Q : 0.1 to 2*5 y203 : 100 XO2 : 0 to 
35 H2O . 

30 wherein Q represents the piperazine compound. 

The H2O content of freshly prepared zeolite Nu»13 
depends on the conditions in which it has been dried 
after synthesis. 

Calcined forms of the zeolite may contain any 
35 inorganic cation including hydrogen since the. organic 

component is burnt out in the presence of air or otherwise 
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displaced prior to calcination leaving hydrogen as the 
other balancing cation. 

Among the ion-exchanged forms of zeolite Nu-13, - 
the anmoniuia (NH4) is of isiportance since it can be 
5 readily converted to the hydrogen form by calcination. 
The hydrogen form can also be prepared directly by 
exchange with an acid. The hydrogen form and forms 
containing metals introduced by Laa, exdiange are described 
further below. 

10 The invention also provides a oiethod of making 

zeolite Nu-13 which- conprises reacting an aqueous mixture 
comprising at least one oxide at least one oxide Y2O3 , 
and at least one piperazine conipound. 

The reaction mixture preferably has the following 

15 molar compositionr 

XO2A2O3 40 *o lOOO, preferably 70 to 200 
M OHAO2 10"3 to 0.4, preferably 0.02 to 0.15 
Q/XO2 • 0.01 to 5, preferably 0.05 to 2 
H2O/XO2 10 to 100, preferably 25 to SO 

20 M Z/XO2 0.1 to IQ, preferably 0.3 to 3 

wherein X and Y have the meanings given above, Q is a 
piperazine compound, K in MOH is sodium or ammonium, M 
in HZ is sodium, ammonium or hydrogen and Z is a strong 
acid radical present as a salt of M and may be added as a 

25 free acid to reduce the MOB level, to a desired valuer 

The Sxan^les show that by using reaction mixtures 
having compositions outsida tha preferred ranges, the 
desired product, may be contaminated- with other zeolites 
such as near ferrierites and/or ZSM-5 ^^e zeolites. 

30 The piperazine confound can be peurtially or fully 

alkylated e.g. methylated, but the preferred piperazine 
confound is piperazine itself. 

The preferred alkali metal (M) is sodium. The 
preferred oxide XO2 is silica (Si02) , the preferred 

35 oxide Y2O3 is alumina (AI2O3) and the preferred acid 
radical is chloride. 
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The silica source can be any of those coxtononly 
considered for use in synthesising zeolites, for example 
powdered solid silica, silicic acid, colloidal silica 
or dissolved silica. Aaong the powdered silicas usable 
. 5 are precipitated silicas, especially those made by 
precipitation from an alkali metal silicate solution,, 
such as the type known as "KS 300" made by 2^20, and 
similar products, aerosil silicas, fume silicas and 
silica gels suitably in grades for use in reinforcing 

10 pigments for rubber or silicone rubber. Colloidal 
silicas of various particle sizes may be used, for 
example 10-15 or 40-50 microns, as sold under the 
Registered Trade Marks "LODOX" "NlUiCOAG" and "SYTON", 
The usable dissolved silicas include commercially 

15 available waterglass silicates containing 0.5 to 6.0, 
especially 2.0 to 4.0 mols of Si02 per mole of alkali 
metal oxide, "active" alkali metal silicates as defined 
in t7K Patent 1193254, and silicates made by dissolving 
silica in an alkali metal hydroxide or a quatemcuiry 

20 ammonium hydroxide or a mixture thesreof . 

The alumina soxirce is most conveniently sodium 
aluminate, but can be or can include aluminium, an 
aluminium salt for exanqple the chloride, nitrate or* 
sulphate, an altsoinium alkoxide or alumina itself, whlQh 

25 should preferably be in a hydrated or hydratable form 
su<^ eis colloidal alumina, pseudobeohmite , boehmite, 
gamma alumina or the alpha or beta trihydrate. 

The r e a c ti cn mixtmre-' is reacted usually under aotoqpsneous 
pressure, cpfcic nal l y with added gas, e.g. -n itr og en at a tssperatuxe 

30 betsreen ffi and 2500C until crystals of zeolite lto-13 fcnn, which can 
be from one hcwr to many months dKJending on the reactant cccpositicn and 
the operating temperature. Agitation is optional, but is 
preferable since it reduces the reaction time. 

At the end of the reaction, the solid phase is 

35 collected on a filter and washed and is then ready for 

further steps such as drying, dehydration and ion -exchange . 
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If the product of the reaction, coatains alkali 
metal ionS/ these have to be at least partly removed in 
order to prepare the hydrogen form of zeolite Nu-13 and- 
this can be done by ion exchange with an acid^ especially 
5 a strong mineral acid, such as hydrochloric acid or by way 
of the ammonium compound/ made by ion exchange with a 
solution of an ammonium salt such as ammonium chloride. 
Such Ion exchange caa be carried ou^ by slurrying once 
or severe^ times with the solution. 

10 In general the cation (s) of this zeolite can be 

replaced by any cati(»i(s) of metals, and particularly 
those in Groups lAr IB,. IIA,. IIB, III (including rare 
earths) VIII (including noble meteas) and by lead, tin 
and' bismuth. . (The Periodic Table is as in "Abridgements 

15 of Specif icatiais" published by the UK Patent Office.) 
Exchange ia caxrled. out using any water soluble salts 
contaiziing the appropriate, cation. 

In order to prepare a catalys-t, zeolite Nu-13 
may be used in eissociation with an inorganic matrix, or 

20 with other materieas- which can be either inert, or 

cataaytically . active. The matrix may be present singly 
as a binding agent to hold the small zeolite particles 
(0.005 to 10 microns) together, or it may be added as a 
diluent to control the amount of conversion in a process 

25 which may otherwise proceed ait too high a rate, leading 
to catalyst fouling as a result of excessive coke 
formation.. • 

Typical inorganic diluents include catalyst 
support materials such as alumina, silica, kaolinic clays, 

30 bentonites, montmorillonites , sepiolite, attapulgite, . 
Fullers earth, synthetic porous materials such as 
Si02-Al203, Si02-Zr02, Si02-Th02, Sip2-Be0, Si02-Ti02 or 
any combination of these oxides. An effective way of 
mixing zeolite Nu-5 with such diluents is to mix appropriate 

35 aqueous slurries in a mixing nozzle and then to spray-dry 
the slurry. Other ways of mixing can be used. 



0 ^059059 

^ 7 • 

If zeolite Nu-13 in any cationic form or as a 
catalytic caaposite is exchanged or impregnated with 
hydrogenation/dehydrogenation con^onentS/ such as Ni, 
Co, Pt, Pd, Re, Rh, hydrocracking and reforming 
5 catalysts can be made, especially if the Na20 content 
is less than 0.1% w/w. 

A wide range of hydrocarbon conversion catalysts 
can be prepared from zeolite Nu>13 by' ion exchange or 
impregnation with cations, or oxides, selected fxcm the 
10* following Cu, Ag, Mg, Ca, Sr, Zn, Cd, B, *Al, Sn, Pb, V, 
P, Sb, Cr, Mo, W, Ma, Re, Pe, Co,- Ni noble metals and 
lanthanides. 

Usually the zeolite catalyst will be in. acid fcrm, 
tiius stoichiometry is maintained by or H3O+ as an 

15 additional balancing cation, or sis sole cation. Such 
catalysts may find application in the following 
processes r catalytic cracking, hydrodesulphurization, 
hydrodenitrification, catalytic dewaxing, alkylation of 
alkanes or aromatics, dealkylation, disproportionation, 

20 isomerisation or alkanes and alkyl benzenes r dehydration 
reactions,- oxidation, polymerisation and conversion of 
methanol to hydrocarbons. 

The invention is illustrated by the following 
Examples. 

25 Example 1 

The synthesis mixture had the following molar 
composition t 2.32 Na20, 92.7 piper azine, AI2O3, Si02, 
3371 H2O, 54.8 NaCl. 

57.2g piperazine were dissolved in 200 g water and 142 g 
30 colloidal silica (Syton X-30r molau: con5>osition Na20, 
0.0395 AI2O3, 85.6 Si02f 689 H2O) were stirred in to give 
Solution A. 

Next, 1.6 g sodium aluminate (of moleu: coniposition 
1.25 Na20, AI2O3, 3 H2O) were dissolved in 10 g water 
35 and stirred into Solution A. 

Finally, 23 g sodium chloride were dissolved in 
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125 g water and stirred into the aluminate/silica slurry. 
• The mixture was reacted at 177oc for 3 days in a stainless 

steel autoclave. After cooling^ to about 60^0, the slurry 

was filtered, and waished with two litres, of distilled 
5 water at about 60®C, and dried overnight at 120^0. The 

product was sodium- piperazine NU'13 having the moleu: 

coDoposition s 

0.2 Na20, 1.8 Q, AI2O3, 90 Si02/ IS H2O 

and X-ray data as shown in Table l.» This data, is coinpared 
10' with data for ZSM.-12 and it is evident that while the 
product of this invention shows broad similarities to 
ZSM-12 there are significant differences. 
Example 2 

A portion of the product of Example 1 was calcined 
15 in moist air at 550°C for 17 hours, and then twice 

exchanged with 5 ml per g of normal HCl for 1 hour at 60OC. 

The product was filtered and washed with 10 mL per g 

distilled water, dried for. 17 hours at 120^0, and calcined 

in air at 450^0 for 3 hours and had substantially the 
20 X-ray diffraction data shown in Table 2 and the following 

moleir composition r 

0.02 Na20, AI2O3, 89.7 Si02. 

Example 3 . ... 

The reaction mixture had the following molar 

25 coQ^sition: 

300 piperazine, 12 Na20, AI2O3, 500- Si02, 13000 H2O, 280 NaCl. 
71 g piperazine were dissolved in 150 g water and 312 g 
colloidal silica (Na20, 0.032 AI2O3, 76 Si02« 666 H2O) to 
give solution A. Next, 1.9 g sodium hydroxide and 0.5 g 

30 sodium aluminate (1.22 Na20, AI2O3, 1.2 H2O) were 

dissolved in 10 g water, and then stirred into solution A. 
Finally, 45 g sodium chloride were dissolved in 267 g 
water and stirred into the mixture, which was then reacted 
at 180^0 for 5 days in a stirred 1 litre stainless steel 

35 autoclave. The product contained about 40% zeolite Nu-13 

with approximately equal amounts of a-quartz and o-cristcbalite. 
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TABLE 2 - X-Rar DATA FOR CALCIMED H"Nu~13 (Example 2) 

dA 100 I/In 
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3.453 19. 
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. 3-.255. ft , 

3-.181 7 
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2..488 .15 
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Example 4 

The reaction, mixture had the following molar 
con^ositlon: 

22 piperazlne, 5.87 Na20,.Al203, 56 S102f 2153 H2O/ 
5 33.7 NaCl. 

35 g piperazine were dissolved In 330 g water and 233 g 
o£ colloidal silica Ccomposltlon as Example 3} to give 
solution A. Next, 6*2 g sopLium hydroxide and 3.7 g 
sodiim aluminate were dissolved in 38 g water, and then 

10 stirred into solution A» Finally, 37.5 g sodixm chloride 
in 200 g water was stirred in and the mixture was reacted 
for 2 days at 180^ in. a stirred stainless steel autoclave. 
The product contadLned about 35% zeolite Nu-13, about 35% 
near ferrierlte and approximately equal amounts of 

15- a-quartz and a-cristobalite,. 
Example 5 

The reaction mixture had the following molar 
composition: 

77 piperazine, 2 Na20, AI2O3, 808102^ 3000 H2O, 46 NaCl. 

20 73 .S g piperazine were dissolved in 240 g water and 
192 g of Q-79. water glass (400 Na20, AI2O3, 1280 Si02# 
9,720 H2O} to give solution A. Nextr 2.5 g aluminium 
chloride (AICI3 6 H2O) were dissolved in 240 ml pf 
2N hydrochloric acid« The acid solution was stirred into 

25 solution A to give an homogenous mixture, which was 

reacted for 3 days at ISO^C in a stainless steel autoclave. 
The product was zeolite Nu-13 containing approximately 
10% near feinrierite. 
Example 6 

30 The reaction mixture had the following molar 

composition: 

80 piperazine, 2.2 Na20, H2^Zt 78.2 Si02/ 3079 H20, 
47.3 NaCl. 

57.2 g piperazine were dissolved in 223 g water and 142 g 
35 colloidal ^silica (Na20, 6.032 AI2O3, 76 Si02r 666 H2O) to 
give solution A. 
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Next, 1.6 sodium alumtnate (1.22 Na20, AI2O3/ 
1.2 H2O) were dissolved in 10 g water and stirred into 
Solution A. Finally, 23 g sodium chloride were dissolved 
in 125 g water and stirred into- the slurry. The mixture 
5 was reacted ^ days at ISOOc. The product after 12 hours 
was zeolite Nu-13' with a trace of a-quartz but after 
24 hours the Nu-13 was contaminated by about 30% o'-queirtz. 
Example 7' 

This Exan^le was a repeat of Example 6 except that 
10 4.2 g sodium hydroxide was added to the sodium aluminate 
solution i»e, this example was run at 0H-/Si02 = 0.22, 
whereas in Exanple 6, the 0H-/Si02 was 0.057. The mixture 
was reacted at ISOOC. Even after 8 hours, the product 
was 70% o-quartz and only 30% Nu-13. This Example 
15 demonstrates the fact that the 0H/Si02 ratio is a 
criticea factor in the synthesis of zeolite Nu-13 . 
Eaample 8 

This Exaa5>le was a repeat of Example 1 except that 
3 g of boric acid were- dissolved in the sodium aluminate 
20 solution. 

The product was zeolite NU-13 containing 0.2%. 

boron. 
Example 9 

This Example was a repeat of Exanqple 1 except 
25 that 5.8 g Chrome aliem and an extra 1.4 g sodium 

hydroxide were dissolved in the sodium aluminate solution. 

The product in this Exan^jle was zeolite Nu-13 
containing about 5% w a-cristobalite and a trace of 
fertletite. The product contained 0.3% w chromium. 



What we claim is: 
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1. A synthetic zeolite material having a molar 
composition ejcpressed by the formula: 

0 to 4 : q.l to 2*5.y203 • 100 XO2 : O to 35 H2O rP 

wherein* M Is sodium., ammonium or hydrogen, y Is one or 
more of aluminium, gallium, boron. Iron, chromium, 
vauiadlum, molybdenxim, aursenlc, antimony and manganese, 
X Is silicon and/or germanium and H2O Is water of 
hydration additional to water notlonally present when M 
Is hydrogen and having an X-ray diffraction pattern 
substantially as set out In Table 1. 

2. A synthetic zeolite laaterlal. according to claim 1 
havdLng a molar composition expressed by the formula: 

0 to 4 M2O : 0*5 to 1*7 Y2O3 s lOO XO2 t O to 35 H2O. 
3 * A method of making a synthetic zeolite material 

as defined In claim L which comprises reacting on 
aqueous mixture comprising at least one oxide X02f at 
least one oxide Y2O3 and at least one plperazlne 
compound* 

4* A method according to claim 3 wherein the aqueous 

mixture has the molcur composition: 

XO2A2O3 40 to 1000 

MOH/XO2 10-3 to 0*4 

QAO2 0*01 to 5 . 

H2O/XO2 10 to 100 

MZ/XO2 0.1 to 10 

wherein X and Y have the meanings given In claim. 1, 
Q Is a plperazlne compoiind, K In MOH Is sodlxim or ammonium, 
H In MZ Is sodium, ammonlxim or hydrogen and Z Is a strong 
acid radical* 

5. A method according to claim 4 wherein XO2/Y2O3 is 
in the range 70 to 200* 

6. A method according to clcilm 4 or claim 5 wherein 
MOHAO2 Is In the range 0.02 to 0*15. 

7. A method according to any one of claims 4 to 6 
wherein Q/XO2 is in the range 0.05 to 2. 

8. A method according to any one of claims 4 to 7 
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wherein H2O/XO2 is in the range 25 to 50. 

9. A method according to any one of claims 4 to 8 
wherein MZ/XO2 is in the range 0.3 to 3. 

10. A method according to any one of clalas 4 to 9' 
wherein the piperazine compound is piperazine. 

11. A catalyst con5)risijig a synthetic zeolite 
material as claimed in claim 1 or claim 2. 
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